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LAKES AND RESERVOIRS INVESTIGATIONS 

ARRROWROCK AND LUCKY PEAK RESERVOIRS 

ABSTRACT 

Arrowrock and Lucky Peak reservoirs are water storage reservoirs near Boise, ID. Water 
operations are cooperatively managed by the US Army Corps of Engineers (USACE) and the 
Bureau of Reclamation (BOR), recreation is managed by BOR and Idaho State Parks (ISP), and 
fish and wildlife are managed primarily by Idaho Department of Fish & Game (IDFG). Arrowrock 
and Lucky Peak reservoirs provide diverse recreational opportunities, including recreational 
watercraft use and myriad angling opportunities. The kokanee Oncorhynchus nerka fisheries at 
Arrowrock and Lucky Peak reservoirs continue to be two of the most popular in the state and have 
experienced a sizeable increase in angler interest during the last decade. In 2020, IDFG 
conducted a series of evaluations on Arrowrock and Lucky Peak reservoir fisheries including gill 
net, and standardized lowland lake surveys. Based on these evaluations, kokanee fall gill net 
catch per unit efforts (CPUE) were higher than previous surveys. Lowland lake surveys indicated 
high CPUE of non-game fishes (Northern Pikeminnow Ptychocheilus oregonensis and sucker 
species Catostomus spp.). With regard to kokanee management, ongoing investigations 
evaluating relationships between stocking, environmental metrics, and angler CPUE or growth 
are an important component of fisheries management. Additionally, fall gill net surveys will 
continue to provide insight into the following yearôs kokanee fishery. Due to high angler interest 
and variability in these kokanee fisheries, continued angler effort and population monitoring are 
important and will continue into the future.  
 
 
Author: 
 
 
Timothy DôAmico 
Regional Fishery Biologist 
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INTRODUCTION 

Arrowrock and Lucky Peak reservoirs are two popular kokanee Oncorhynchus nerka 
fisheries in Idaho and have experienced a sizeable increase in angler interest since annual 
kokanee stocking began in the late 1990s. Hatchery stocking is required to support both fisheries, 
as wild recruitment is limited. Annual variation in angler catch per unit effort (CPUE) at these 
reservoirs has led Idaho Department of Fish and Game (IDFG) to examine if this variability may 
be attributed to size at stocking, timing of stocking, stocking density, or hydrologic conditions. 
Prior to 2012, IDFG had anecdotal information on which years had produced good fishing, but no 
quantifiable angler catch or CPUE data. Due to the growing popularity of kokanee fishing, IDFG 
recognizes the need to monitor these fisheries more quantitatively. Therefore, our objectives for 
this work were to continue to contribute annual biotic and abiotic data to a suite of correlations to 
better assess current and future kokanee population trends. These correlations will allow IDFG to 
more clearly define kokanee management goals for angler CPUE and size-at-maturity, and obtain 
better understanding of how reservoir management, spawning conditions, and stocking affect 
survival and growth of individual kokanee year classes.  
 

Kokanee life history differs considerably from other inland salmonids, resulting in different 
monitoring and management strategies for these populations. Kokanee are semelparous salmon 
that feed and grow in lakes or reservoirs for two to four years, then spawn in tributaries or along 
shorelines during fall, before subsequently dying. Eggs incubate in the streambed or shoreline 
gravels until hatching in late winter. Alevins remain in the gravel for several more weeks before 
emerging at night and migrating to the lake or reservoir. Fry commonly migrate directly to pelagic 
areas (Foerster 1968), but can spend time feeding in the littoral habitats, particularly in lakes or 
reservoirs with pronounced littoral regions (Burgner 1991; Gemperle 1998). Juvenile and adult 
kokanee are primarily found in pelagic zones of lakes and reservoirs, where they feed almost 
exclusively on zooplankton.  
 

Managing kokanee fisheries is often challenging and complex because of the relatively 
short life cycle (approximately 3 - 5 years), as well as wide variation of population responses to 
system productivity, habitat, predation, and harvest (Paragamian 1995). These responses lead to 
changes in growth, fecundity, recruitment, age-at-maturity, and survival, which can also vary 
substantially between year classes. Many kokanee populations exhibit density-dependent growth 
and this central characteristic of kokanee biology is important for fisheries managers to quantify 
and understand (Rieman and Myers 1992; Rieman and Maiolie 1995; Grover 2006). Many 
kokanee populations in the western United States exhibit a strong negative relationship between 
population density and mean body size. Kokanee size and growth not only influence the number 
and size of fish available to anglers, but also anglerôs perception of the quality of the fishery 
(Martinez and Wiltzius 1995; Rieman and Maiolie 1995). The tradeoff between density and growth 
is the key component to kokanee management in most waters and examples of efforts to influence 
density, growth, and survival are well documented (Rieman and Myers 1992; McGurk 1999). 
 

During the last decade, kokanee have become increasingly popular with anglers in many 
areas of the western United States (Wydoski and Bennett 1981; McGurk 1999). This popularity is 
reflected in fishing magazine articles, social media, kokanee tournaments, and online forums 
dedicated to kokanee fishing. Information including stocking histories and regional management 
reports have become more accessible and easier to distribute to anglers through the World Wide 
Web. IDFG has observed a notable increase in angler interest in the management of kokanee 
fisheries across the state, particularly inquiries into stocking rates (Cassinelli 2019, personal 
communication). The Department has numerous kokanee monitoring objectives, including 
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documenting entrainment, determining relative year class abundance and natal origin, and 
monitoring angler effort, harvest and catch rates.  
 
 

STUDY AREA 

Arrowrock Reservoir is a 1,255 ha dendritic impoundment located approximately 32 km 
northeast of Boise in the Boise River drainage (Figure 1). It is a 29 km-long, narrow canyon 
reservoir that impounds two major tributaries; the Middle Fork Boise River (MFBR) and South 
Fork Boise River (SFBR). Arrowrock Dam is located directly upstream of Lucky Peak Reservoir 
and is operated by the U.S. Bureau of Reclamation (BOR). Arrowrock Reservoir is managed 
primarily for flood control and irrigation. In a typical year, the reservoir is maintained at 
approximately 60-80% storage capacity during winter months and generally reaches 100% 
capacity by May. Beginning in June, the reservoir is drafted, and by August usually reaches 10-
35% of capacity (defacto minimum of 6,167 x 104 m3), after which the reservoir slowly refills during 
the fall and winter. IDFG began annual stocking of fingerling kokanee at Arrowrock Reservoir in 
2009. Since 2015, the default stocking request for Arrowrock Reservoir has been 100,000 fish or 
80 fish/ha stocked in early June (Table 1). This is a two-fold increase in stocking numbers 
compared to 2012-2014.  

 
Lucky Peak Reservoir is a 1,141-ha mesotrophic impoundment in the Boise River 

drainage, immediately downstream from Arrowrock Reservoir (Figure 2). It has a mean depth of 
32.8 m, a total capacity of 3,615 x 105 m3, and is managed by the U.S. Army Corps of Engineers 
to provide flood control, irrigation, power generation, recreation, and winter stream flows in the 
Boise River. In a typical water year, the reservoir is kept at 20-40% of storage capacity during 
winter and reaches 100% capacity by early summer; subsequently, Arrowrock Reservoir and 
Anderson Ranch Reservoir releases are utilized to keep Lucky Peak Reservoir near full pool for 
recreation during the summer months. After Labor Day, Arrowrock begins refilling while Lucky 
Peak is then drafted to lower pool elevations. The default kokanee stocking request for Lucky 
Peak Reservoir is 250,000 fingerlings or 217 fish/ha in early June (Table 1).  
 
 

METHODS 

Creel Survey 

Check stations have been used by the Department and were historically conducted in late-
April to early-June. However, due to the COVID-19 pandemic, we were unable to conduct creel 
surveys of kokanee anglers at Lucky Peak and Arrowrock reservoirs in 2020. We plan on 
conducting these surveys beginning again in 2021.  

 

Kokanee Abundance Gillnetting 

Gillnet surveys were conducted on both Lucky Peak and Arrowrock reservoirs in fall 2020. 
Fall gill net surveys were implemented as a means to evaluate the kokanee populations post-
spawning. Sampling in the fall provides insight into the relative abundance of the age class that 
will spawn the following year. In other words, age-1+ fish sampled in nets in the fall of 2020 will 
be the age-2 fish that make up the majority of the fishery in the spring and summer of 2021.  
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Gillnetting was conducted at Lucky Peak Reservoir on the evening of October 19, 2020 
and at Arrowrock Reservoir on October 26, 2020. In each water, two gill nets were used to sample 
the entire kokanee layer (2ï14 m below water surface) at three locations, for a total of six net-
nights. Nets were set at dusk and retrieval started at dawn of the following day. Each gill net 
measured 48.8 m in length and 6.0 m in depth. Gill nets contained 16, 3-m panels, and consisted 
of eight different mesh sizes (13-, 19-, 25-, 38-, 51-, 64-, 76-, 102-mm; stretch mesh) with two 
panels of each mesh size randomly positioned throughout the net. Each pair of gill nets were 
horizontally suspended with the two nets covering 2-14 m of water depth.  
 

Kokanee stocked in 2018 (age-2) and 2019 (age-1) received a single thermal mark during 
egg incubation at Cabinet Gorge Fish Hatchery. Fish stocked in 2020 (age-0) received differential 
thermal marks depending on release location and stocking strategy as part of an ongoing size-at-
release evaluation. Stock-year 2020 fish released in the three Boise River impoundments 
(Anderson Ranch Reservoir, Arrowrock Reservoir, and Lucky Peak Reservoir), received one of 
six unique thermal marks based on their release location and size-at-release. All kokanee 
collected were measured for total length (mm) and weighed (g) and otoliths were removed. 
Otoliths were processed and examined for presence of thermal marks (Volk et al. 1999). These 
unique thermal marks allow for both identifying and aging of hatchery-origin kokanee. Kokanee 
lacking a thermal mark were presumed to be from natural production.  
 

Previous efforts to quantify the amount of kokanee entrainment that occurs between 
Arrowrock and Lucky Peak reservoirs relied on clipping adipose fins. Approximately 20% of the 
100,000 kokanee (å 20,000) fingerlings stocked into Arrowrock Reservoir during 2017ï2019 were 
adipose fin clipped. These fish were hand-clipped by Southwest Region staff at the Mackay Fish 
Hatchery in April of each year. All fish captured in gill nets at both Lucky Peak and Arrowrock 
reservoirs were examined for a fin clip.  

 
At Lucky Peak Reservoir, the number of recovered adipose-clipped fish was expanded by 

the year-specific clipping rate. To get a capture percentage, the unclipped (Lucky Peak Reservoir-
origin) fish recovered by age were divided by the total number of Lucky Peak fingerlings stocked 
for that specific year class. The expanded Arrowrock fish (from the same age-class) were then 
divided by this same percentage to generate an estimated total number of Arrowrock-stocked 
kokanee entrained in Lucky Peak Reservoir, by age. Stock year 2020 kokanee are part of an 
ongoing size-at-release evaluation. All kokanee stocked in Lucky Peak, Arrowrock and Anderson 
Ranch reservoirs received a differential thermal mark that corresponds to a unique water body 
and release strategy. As such, quantifying entrainment becomes simpler; fish captured in fall 
kokanee index netting can be attributed to the reservoir in which they were originally stocked 
based on thermal marks. The proportionate contribution of each reservoir can then be expanded 
to the annual stocking numbers, thus roughly estimating entrainment.  

 

Predator Gillnetting 

Predatory fish populations in Lucky Peak Reservoir were sampled with gill nets in 
conjunction with the lowland lake surveys during June 2020 following the stocking of hatchery 
kokanee fingerlings. Two 46 m x 2 m monofilament gill nets were used and each had six panels 
composed of 19, 25, 32, 38, 51, and 64-mm bar mesh. One gill net, fished for one night, equaled 
one unit of gill net effort, resulting in three total net-nights of effort. Nets were set at sites near the 
2020 kokanee release location; both nets were set in Mores Creek downstream of the Robie 
Creek boat ramp (Figure 1). Captured fish were identified to species, measured for total length 
(mm) and weighed (g) using a digital scale. Stomach contents were examined; if contents 
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appeared to be fish, the contents were estimated for total length (mm) and attempted to identify 
to species. Catch data were summarized as the number of fish caught per unit effort (CPUE).  

 

Lowland Lake Surveys 

Standardized lowland lake survey methods employed by IDFG are outlined IDFG Report 
Number 12-10 (Standard Fish Sampling Protocol for Lowland Lakes and Reservoirs in Idaho). 
Fish populations in Lucky Peak Reservoir and Arrowrock Reservoir were sampled with standard 
IDFG lowland lake sampling gears during June 2020. Arrowrock Reservoir was divided into three 
sections, (main reservoir, South Fork Boise River arm, and Middle Fork Boise River arm; Figure 
2). In total, eight trap nets, eight gill net pairs, and one electrofishing unit (composed of three 
1,200 second sub-samples) were used in Arrowrock Reservoir. Lucky Peak Reservoir was divided 
into three sections (lower, middle, and upper sections; Figure 1). In total, nine trap nets, ten gill 
net pairs, and one electrofishing unit (composed of three 1,200 second sub-samples) were used 
in Lucky Peak Reservoir. 
 
 

RESULTS 

Kokanee Abundance Gillnetting 

At Arrowrock Reservoir, gill nets captured a total of eight kokanee. Other fish encountered 
included Rainbow Trout Oncorhynchus mykiss, Yellow Perch Perca flavescens, Largescale 
Sucker Catostomus macrocheilus, and Northern Pikeminnow Ptychocheilus oregonensis. Of the 
eight kokanee sampled, otoliths from seven kokanee were successfully processed to determine 
fish age, and seven were successfully processed to determine thermal marks. Gill net CPUE for 
kokanee was 0.8 fish/net-night for age-0 fish, 0.3 fish/ net-night for age-1 fish. No kokanee older 
than age-1 were captured in fall kokanee index surveys at Arrowrock Reservoir in 2020 (Figure 
3). Kokanee total length ranged from 140 to 322 mm (mean = 218.4 mm, SD = 73.9 mm; Figure 
4).  

  
At Lucky Peak Reservoir, gill nets captured a total of 63 kokanee. Other fish encountered 

included fall Chinook Salmon O. tshawytscha, Rainbow Trout, Yellow Perch, Bridgelip C. 
columbianus and Largescale suckers, Chiselmouth Acrocheilus alutaceus, Redside Shiner 
Richardsonius balteatus, Smallmouth Bass Micropterus dolomieu, Black Bullhead Ameiurus 
melas, sculpin spp., and Northern Pikeminnow. Of the 63 kokanee sampled, otoliths from 57 were 
successfully processed to estimate fish age, and 55 were successfully processed for thermal 
marks. Gill net CPUE for kokanee was 3.2 fish/net-night for age-0, and 5.7 fish/net-night for age-
1. No kokanee older than age-1 were captured in fall kokanee index surveys at Lucky Peak 
Reservoir in 2020 (Figure 5). Kokanee total length ranged from 121 to 372 mm (mean = 266.4 
mm, SD = 87.0 mm; Figure 6).  

 
With the ongoing kokanee size-at-release evaluation and resulting differential thermal 

marks, we were able to document downstream entrainment of kokanee. We did not observed any 
entrained age-1 fish (noted by a clipped adipose fin) in Lucky Peak Reservoir. In Arrowrock 
Reservoir, we did not observe any entrained age-0 fish. However, we documented entrained age-
0 fish in Lucky Peak from both Arrowrock Reservoir (n = 4) and even Anderson Ranch Reservoir 
(n = 1). Based on these estimates, approximately 10,765 age-0 kokanee were entrained from 
Arrowrock Reservoir and approximately 2,760 fish were entrained from Anderson Ranch 
Reservoir to Lucky Peak Reservoir.  

https://collaboration.idfg.idaho.gov/FisheriesTechnicalReports/Res12-10Lamansky2012%20Lake%20and%20Reservoir%20Sampling%20Protocol.pdf
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Predator Gillnetting 

  At Lucky Peak Reservoir, a total of 57 fish were captured during the predator netting 
exercise, including Northern Pikeminnow (n = 14), Largescale Sucker (n = 37), Rainbow Trout (n 
= 2), Black Bullhead (n = 3), and Chiselmouth (n = 1). Gillnet CPUE was 7 fish/net-night for 
Northern Pikeminnow, and 1 fish/net-night for Rainbow Trout. From the stomach content analysis, 
no fish were found with identifiable fish remains in their stomachs (Table 2).  
 

Lowland Lake Surveys  

Arrowrock Reservoir  

A total of 328 fish were captured during the standard lowland lake survey at Arrowrock 
Reservoir in 2020 (Table 3). Catch was predominately Northern Pikeminnow (n = 109) and 
Largescale Sucker (n = 95). Other species captured included Bridgelip Sucker, Bull Trout 
Salvelinus confluentus, Chiselmouth, kokanee, Mountain Whitefish Prosopium williamsoni, 
Rainbow Trout, Smallmouth Bass, and Yellow Perch. CPUE and weight per unit effort (WPUE) 
indices for all species combined were 19.3 and 11.1 (Table 3). Gill nets were the most effective 
gear type with a total CPUE of 12.7 fish/unit effort, followed by electrofishing (CPUE = 5.3) and 
trap nets (CPUE = 1.3). Based on CPUE, Northern Pikeminnow made up 33% of the total catch, 
followed by Largescale Sucker (29%), and Smallmouth Bass (20%). All the other species 
collected contributed <10% of total catch. Based on WPUE, the fish community consisted of 
Largescale Sucker (63%) and Northern Pikeminnow (22%). All the other species collected 
contributed <10% of total catch (Table 3). 

 
Northern Pikeminnow were the most abundant fish sampled by CPUE (6.4; Table 3). 

Gillnets yielded the highest CPUE (5.1) of the individual capture methods followed by 
electrofishing (CPUE = 0.9) and trap nets (CPUE = 0.5). Total length of Northern Pikeminnow 
ranged from 92 to 484 mm (mean = 344.9, SD = 60.9; Figure 7). 

 
Largescale Sucker (n = 95) was the most abundant fish sampled by WPUE (6.9). Total 

Largescale Sucker CPUE was 5.6 (Table 3). Gillnets yielded the highest WPUE (5.7) of the 
individual capture methods followed by electrofishing (WPUE = 1.2) and trap nets (WPUE = 0.07). 
Total length of Largescale Sucker ranged from 162 to 615 mm (mean = 487.8, SD = 65.0; Figure 
8). 

Lucky Peak Reservoir 

A total of 509 fish were captured during the standard lowland lake survey at Lucky Peak 
Reservoir in 2020 (Table 4). Catch was predominately Largescale Sucker (n = 205), Northern 
Pikeminnow (n = 78) and Bridgelip Sucker (n = 57). Other species captured include Black 
Bullhead, Chiselmouth, kokanee, Rainbow Trout, Redside Shiner, sculpin spp., Smallmouth Bass 
and Yellow Perch (Table 4). CPUE and WPUE indices for combined species were 25.4 and 11.3, 
respectively (Table 4). Electrofishing was the most effective gear type with a total CPUE of 12.9, 
followed by gill nets (CPUE = 11.0) and trap nets (CPUE = 1.7). Based on CPUE, Largescale 
Sucker made up 40% of the total catch, followed by Northern Pikeminnow (15%), Smallmouth 
Bass (11%) and Bridgelip Sucker (11%). All the other species collected contributed <5% of total 
catch (Table 4). Based on WPUE, the fish community consisted of Largescale Sucker (58%), 
Northern Pikeminnow (19%), and Rainbow Trout (10%). Remaining species collected 
represented less than 5% of the total biomass (Table 4). 
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Largescale Sucker were the most abundant fish sampled by CPUE (10.3) and WPUE (6.6; 

Table 4). Electrofishing yielded the highest CPUE (12.8) of the individual capture methods 
followed by gill nets (CPUE = 10.9) and trap nets (CPUE = 1.7). Total length of Largescale Sucker 
ranged from 152 to 554 mm (mean = 386.9, SD = 81.1; Figure 9). 

 
 

DISCUSSION 

Kokanee Abundance Gillnetting 

Fall kokanee abundance indices have been difficult to build based on the low catch rates 
we have experienced for the last several years. A 2016 graduate study (Klein 2019), found that 
using overnight experimental curtain gill net sets, suspended in the kokanee layer of the water 
column, was the most effective tool to capture and monitor kokanee adult populations in 
Arrowrock and Lucky Peak reservoirs. Based on this finding, since 2017, gill nets have been used 
as the primary tool for annually sampling these populations in both reservoirs. From 2017 to 2020, 
gill net samples from both reservoirs provided low numbers of kokanee. As gill net indices are 
established over the next several years, it will be important for us to gain a better understanding 
of an appropriate number of nets to adequately sample the population and provide an appropriate 
estimate of age-specific relative abundances each fall. Capture rates of age-0 kokanee in Lucky 
Peak Reservoir increased in 2020 compared to 2019. Additionally, more age-1 kokanee were 
sampled in 2020 compared to 2019. Regardless of whether this is attributed to our sampling 
efficiency or a true increase in kokanee recruiting to the fishery, we are hopeful these are positive 
signs for the Lucky Peak Reservoir kokanee fishing in the future. Additionally, we were able to 
successfully process approximately 87% of the otoliths to evaluate for thermal marks. This was 
significantly more than the 2019 survey results; 48 kokanee were captured in 2019 with no thermal 
marks detected, despite 5 adipose-clipped fish captured (which should have received thermal 
marks). Differential thermal marks will be used for at least the next four years as part of a size-at-
release evaluation, which will significantly improve our ability to understand and quantify 
entrainment.  

 
Thermally-marked otoliths will continue to be utilized in kokanee stocked in both Lucky 

Peak and Arrowrock reservoirs. The year 2020 was the fourth consecutive year of using thermally-
marked otoliths to identify hatchery and natural-origin kokanee recovered from gill nets. In 2017, 
23% of the age-1 kokanee from Lucky Peak and 49% of the age-1 kokanee from Arrowrock were 
of natural origin. In 2018, the Lucky Peak proportion of natural origin age-1 fish declined to 10% 
and no natural origin age-1 fish were sampled in Arrowrock Reservoir. In 2019, we did not observe 
any thermally marked otoliths from either Lucky Peak or Arrowrock Reservoir. However, five 
kokanee from Lucky Peak Reservoir had clipped adipose fins, indicating hatchery origin. We 
believe this discrepancy can be attributed to errors in processing otoliths for thermal marks. The 
2020 survey collected 62 thermally-marked kokanee (Arrowrock Reservoir n = 7, Lucky Peak 
Reservoir n = 55); of which 36 were identified as stock year 2019 and 24 were identified as stock 
year 2020. Compared to the 2019 fall kokanee index survey results, we captured approximately 
30% more kokanee during the 2020 fall kokanee index surveys in Lucky Peak Reservoir.  

 
Utilizing differential thermal marks, we were able to document entrainment of kokanee in 

Lucky Peak Reservoir from both upstream reservoirs (Arrowrock and Anderson Ranch 
reservoirs). Stock year 2020 was the first year when the Department utilized thermal marks unique 
to each reservoir and release cohort. Prior to stock year 2020, a portion of kokanee stocked in 
Anderson Ranch Reservoir and Arrowrock Reservoir received adipose clips which were used to 
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monitor entrainment. Due to the small number of kokanee that have been captured during annual 
fall kokanee index netting efforts in Lucky Peak Reservoir from 2017 to 2020, monitoring 
entrainment has been difficult with such a small sample size. While kokanee entrainment 
estimates from Arrowrock Reservoir into Lucky Peak Reservoir continue to be highly variable, 
utilizing differential thermal marks on all kokanee stocked in the future will aid in monitoring 
entrainment.  

 
Kokanee fisheries in Lucky Peak and Arrowrock reservoir are popular, and their popularity 

is highly variable based on kokanee abundance. Consistently high kokanee abundance will likely 
result in consistently high participation in these fisheries. These two large Boise River Basin 
reservoirs (along with Anderson Ranch Reservoir in the Magic Valley Region) have the potential 
to produce high levels of angling effort when kokanee abundance is relatively high. Continued 
monitoring of angler catch and effort, environmental variability, population trends, entrainment, 
and hatchery/natural composition have emphasized the complexity of this system. Continued data 
collection will help managers further understand these relationships and improve the 
management of these complex sport fisheries. 

 

Predator Gillnetting 

Based on surprising findings in 2019, we repeated predator gillnetting efforts in 2020. Few 
fish were captured during the predator netting exercise (n = 57). The predominant predatory 
species captured in the preliminary predator gill nets was Northern Pikeminnow (n = 14). No 
kokanee fingerlings were recovered in the stomachs of any fish, predatory or otherwise. While 
this is not an unexpected result, it was surprising that no kokanee fingerlings were found in any 
stomachs of fish captured in the predator netting exercise based on spatial proximity to kokanee 
release location and temporal proximity to kokanee release date (four days post-stocking). While 
not a part of the explicit predator gill net surveys, we also assessed stomach contents of all 
predatory fish captured during the concurrent lowland lake survey and did not recover any 
kokanee fingerlings in any stomachs of any predatory fish. We acknowledge the predator 
gillnetting exercise resulted in a small sample size; however, when combined with findings from 
the lowland lake survey, our data suggest predation is not a major factor limiting kokanee 
recruitment or survival or stocked fingerlings in Lucky Peak Reservoir. 

 

Lowland Lake Surveys  

Arrowrock Reservoir  

Since the last lowland lake survey at Arrowrock Reservoir (June 2012), the species 
composition has remained similar. During the 2012 survey, Northern Pikeminnow and sucker spp. 
comprised 91% of the total biomass. During the 2020 survey, Northern Pikeminnow and sucker 
spp. comprised 87% of the total biomass. Very few gamefishes were captured, with only 
Smallmouth Bass comprising more than 5% of the total catch by either CPUE or WPUE.  
 

As a result of the 2012 Arrowrock Reservoir lowland lake survey, the Department 
coordinated with the United States Bureau of Reclamation (USBOR), removal netting efforts 
targeting nongame fishes. During the removal efforts, nearly 6,600 kg of nongame fishes were 
removed. As mentioned, costs were shared between agencies; as such IDFG costs were limited 
to personnel costs (å$2,500). Overall project success was inconclusive, as a significant decrease 
in nongame fish biomass was not observed, nor was a significant increase in sportfish biomass. 
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However, monetary investment from the Department was minimal. Less than a decade later, 
fishery managers find themselves facing a similar question. In 2019, overall catch was dominated 
by nongame fishes, despite overall catch being lower when compared to the previous 
standardized lowland lake survey. However, we conducted the standardized lowland lake survey 
at Arrowrock Reservoir during late July, whereas the previous survey was conducted in early 
June. We believe that the difference in timing may have factored into our lower catch rates. During 
the 2012 lowland lake survey, Arrowrock Reservoir was held at 3,213ô elevation, whereas during 
the 2019 lowland lake survey, Arrowrock Reservoir was held at 3,177ô elevation. This 36ô 
difference caused sample locations which are typically in shallow littoral habitats to shift towards 
deeper, pelagic habitats, which may have limited capture efficiency. Furthermore, the 41-day 
difference in survey dates likely affected catch. Earlier in the season, fishes such as Smallmouth 
Bass are in shallow, littoral habitats for spawning; however, later in the season, those fish move 
out of the shallows and into deeper habitat with decreased water level and warming surface water 
temperatures (Hubert and Lackey 1980; Beamesderfer and Rieman 1991).  
 

Based on our findings from the 2019 lowland lake survey at Arrowrock Reservoir, we 
decided to repeat the survey in 2020. As mentioned, the 2012 lowland lake survey was completed 
in early June, 2012. We conducted the 2020 survey in early June as well, to hopefully draw more 
relevant comparisons between the two surveys. When Arrowrock Reservoir was surveyed post-
removal, fisheries managers observed a 42% decrease in Northern Pikeminnow CPUE, but did 
not observe a decrease in Largescale Sucker CPUE. However, both Northern Pikeminnow and 
Largescale Sucker WPUE increased drastically post-removal (Butts et al. 2013a). Based on the 
2020 lowland lake survey, CPUE and WPUE for both Northern Pikeminnow and Largescale 
Sucker are almost an order of magnitude less than what was observed in 2012, yet are only 
slightly higher than what was observed in the July 2019 lowland lake survey (Table 5). Based on 
these results, we surmise the 2020 survey is more relevant to compare with the 2009 survey.  
 

Standardized lowland lake surveys are designed to reduce biases, by utilizing a number 
of different gear types with broad spatial distribution. However, these gear types may not be 
adequately characterizing sportfish composition. For certain sportfish species, a more targeted 
approach may be warranted. For example, kokanee are a prized gamefish across their range, 
and Arrowrock Reservoir is no exception. Kokanee are typically found in the pelagic zone at 
intermediate depths, and are most susceptible to gill nets. The gill net sets used in the 
standardized lowland lake surveys are typically littoral and either sinking or floating nets. As 
mentioned, previous work (Klein 2019) evaluated optimal gear type and selectivity indices for 
kokanee, which the Department has implemented in our kokanee abundance gillnetting efforts.  

 
When evaluated at the gear-specific level, the majority of Smallmouth Bass (~52%) were 

captured via electrofishing, and Smallmouth Bass contributed the majority (~62%) of the total 
electrofishing catch. Biases in capture probability, especially with regard to electrofishing, are well 
documented across a number of taxa including salmonids (Peterson et al. 2004) and centrarchids 
(Dauwalter and Fisher 2007). In order to properly estimate biases in gear selectivity, typically 
mark-recapture or depletion estimates are used. In a lacustrine environment such as Arrowrock 
Reservoir, a depletion estimate would be logistically impossible to conduct at the reservoir-wide 
scale, and it would be difficult to partition the reservoir into smaller sample units without violating 
an assumption of physical closure (i.e. block nets) due to the physical geography and steep-sided 
nature of the reservoir. A mark-recapture estimate would be extremely logistically intensive in 
terms of gear and man-hours required, albeit not completely impossible. However, under the 
context of a lowland lake survey, we are merely estimating relative densities and species 
composition. Furthermore, based on information gained from annual creel surveys, Smallmouth 
Bass play a minor role in the desires of our constituents at Lucky Peak and Arrowrock reservoirs. 
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In the future, should the Department have an increased desire for a more fine-scale evaluation of 
Smallmouth Bass in these reservoirs, an intensive mark-recapture evaluation may be the best 
avenue to estimate demographics while also accounting for gear biases.  
 

Lucky Peak Reservoir 

Since the last lowland lake survey at Lucky Peak Reservoir (June 2009), the species 
composition has remained similar. During the 2009 survey, Northern Pikeminnow and sucker spp. 
comprised 68% of the total biomass. During the 2019 survey, Northern Pikeminnow and sucker 
spp. comprised 67% of the total biomass. Very few gamefishes were captured, with only 
Smallmouth Bass comprising more than 5% of the total catch by either CPUE or WPUE.  

 
The last lowland lake survey conducted on Lucky Peak Reservoir was in early June, 2009 

(Butts et al. 2013b). Unlike Arrowrock Reservoir, there were no removal efforts on nongame fishes 
after this survey. The 2009 survey found the majority of both CPUE and WPUE was attributed to 
Northern Pikeminnow, Largescale Sucker and Bridgelip Sucker. During the 2020 Lucky Peak 
Reservoir lowland lake survey, the majority of the CPUE and WPUE were also attributed to these 
same three species, but were up to 75% less than the 2009 survey. When compared to the 2019 
lowland survey, CPUE and WPUE of nongame fishes were only slightly higher in the 2020 lowland 
survey (Table 5). Based on these results, we surmise the 2020 survey is more relevant to compare 
with the 2009 survey.  

 

 
RECOMMENDATIONS 

1. Continue to monitor the effect of kokanee stocking practices and environmental conditions 

at Arrowrock and Lucky Peak reservoirs by indexing CPUE using annual check stations 

during May 

2. Continue to use curtain gill nets to evaluate kokanee relative abundance through annual 

index surveys 

3. Evaluate thermal marks of hatchery-origin kokanee to be stocked in Anderson Ranch and 

Arrowrock reservoirs to monitor entrainment into Arrowrock and Lucky Peak reservoirs 
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Table 1. Waterbody, year, date, number of kokanee, size, fish/lb and stocking density 
(fish/ha and lb/ha) for Arrowrock and Lucky Peak reservoirs, between 2004 and 
2020.  

 

 

Waterbody Year Date # of fish Fish/lb

2004 14-Jun 77,025 100.0 41.1 61 1.5

2006 9-May 70,000 89 79.1 56 0.7

1,255 2010 3-Jun 29,000 79 116.0 23 0.2

2011 8-Jun 30,000 76 100.0 24 0.2

2012 2-May 50,130 76 111.4 40 0.4

2013 1-May 50,160 69 152.0 40 0.3

2014 15-May 49,995 76 97.1 40 0.4

2015 13-May 101,198 81 95.7 81 0.8

2016 4-May 99,992 81 100.9 80 0.8

2017 7-Jun 103,579 84 92.0 83 0.9

2018 5-Jun 98,580 69 164.0 79 0.5

2019 5-Jun 100,644 75 130.2 80 0.6

2020 3-Jun 98,745 78 113.5 79 0.7

2020 3-Jun 49,280 99 61.6 39 0.6

2004 14-Jun 155,950 90 108.4 135 1.2

2005 3-Jun 200,150 86 75.5 174 2.3

1,153 2006 24-May 308,050 83 101.0 267 2.6

2007 31-May 245,000 89 87.5 212 2.4

2008 3-Jun 195,570 57 288.4 170 0.6

2009 3-Jun 199,800 83 99.9 173 1.7

2010 3-Jun 151,050 79 100.7 131 1.3

2011 8-Jun 174,640 76 94.4 151 1.6

2012 2-May 200,910 76 107.9 174 1.6

2013 1-May 251,877 69 148.6 218 1.5

2014 15-May 237,120 76 98.8 206 2.1

2015 13-May 250,515 81 87.9 217 2.5

2016 4-May 252,993 81 99.8 219 2.2

2017 18-Apr 99,998 49 478.0 87 0.2

2017 7-Jun 194,220 78 117.0 168 1.4

2018 5-Jun 214,310 71 148.0 186 2.2

2019 5-Jun 501,468 75.6 126.2 435 3.4

2020 4-Jun 200,600 77 118.0 174 4.4

2020 4-Jun 100,330 98 63.5 87 5.4

Mean size 

(mm)

Stocking density 

(fish/ha)

Stocking density 

(lb/ha)

Lucky Peak 

Reservoir (ha)

Arrowrock 

Reservoir (ha)
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Table 2. Species, number captured, and catch per unit effort (CPUE; fish/net-night) of fish 
sampled during predator gill net efforts in Lucky Peak Reservoir during 2020 
sampling.  

 

Species n CPUE 

Black Bullhead 3 1.5 

Chiselmouth 1 0.5 

Largescale Sucker 37 18.5 

Northern Pikeminnow 14 7 

Rainbow Trout 2 1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3. Species, number captured, catch per unit effort (CPUE; fish/unit effort) and weight 

per unit effort (WPUE; kg/unit effort) of fish sampled during lowland lake surveys at 
Arrowrock Reservoir during 2020 sampling.  

 

Species n CPUE WPUE 

Bridgelip Sucker 12 0.7 0.2 

Bull Trout 1 0.1 0.1 

Chiselmouth 1 0.1 0.0 

Kokanee 4 0.2 0.1 

Largescale Sucker 95 5.6 7.0 

Mountain Whitefish 3 0.2 0.0 

Northern Pikeminnow 109 6.4 2.4 

Rainbow Trout 31 1.8 0.8 

Smallmouth Bass 66 3.9 0.4 

Yellow Perch 2 0.1 0.0 
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Table 4.  Species, number captured, catch per unit effort (CPUE; fish/unit effort) and weight 
per unit effort (WPUE; kg/unit effort) of fish sampled during lowland lake surveys at 
Lucky Peak Reservoir during 2020 sampling. 

 

Species n CPUE WPUE 

Black Bullhead 15 0.8 0.1 

Bridgelip Sucker 57 2.9 0.7 

Chiselmouth 26 1.3 0.1 

Kokanee 6 0.3 0.0 

Largescale Sucker 242 12.1 7.9 

Northern Pikeminnow 92 4.6 2.4 

Rainbow Trout 57 2.9 1.2 

Redside Shiner 3 0.2 0.0 

Sculpin spp. 1 0.1 0.0 

Smallmouth Bass 59 3.0 0.5 

Yellow Perch 6 0.3 0.1 

 
 

 
 
 
 
 
 
 
 
 
 

Table 5. Year, waterbody, catch per unit effort (CPUE; fish/unit effort), percent of total CPUE, 
weight per unit effort (WPUE; kg/unit effort) and percent of total WPUE of nongame 
fishes (Northern Pikeminnow, Largescale Sucker, and Bridgelip Sucker) captured 
during standard lowland lake surveys.  

 

Year Waterbody CPUE 
% of total 

CPUE 
WPUE 

% of total 
WPUE 

2009 Lucky Peak Reservoir 168.7 53% 43.8 77% 
2012 Arrowrock Reservoir 109.2 67% 77.2 93% 
2019 Lucky Peak Reservoir 12.2 67% 5.7 85% 
2019 Arrowrock Reservoir 11.9 82% 8.2 92% 
2020 Lucky Peak Reservoir 19.6 70% 11.0 85% 
2020 Arrowrock Reservoir 12.7 66% 9.7 87% 
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Figure 1. Map of Lucky Peak Reservoir with locations of lowland lake, predator gill net, and 

kokanee index survey sites sampled in 2020. 
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Figure 2. Map of Arrowrock Reservoir with locations of the lowland lake, predator gill net, 

and kokanee index survey sites sampled in 2020. 
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Figure 3. Kokanee age from otoliths recovered during fall kokanee index netting efforts at 

Arrowrock Reservoir during 2020.  
 
 
 
 
 
 
 
 
 

 
 
Figure 4. Length frequency of kokanee sampled during fall kokanee index netting efforts at 

Arrowrock Reservoir during 2020.
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Figure 5. Kokanee age from otoliths recovered during fall kokanee index netting efforts at 

Lucky Peak Reservoir during 2020. 
 
 
 
 
 
 
 
 

 
 
Figure 6. Length frequency of kokanee sampled during fall kokanee index netting efforts at 

Lucky Peak Reservoir during 2020.  
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Figure 7. Length frequency of Northern Pikeminnow sampled during lowland lake surveys 

at Arrowrock Reservoir during 2020.  
 
 
 
 
 
 
 
 
 

 
 
Figure 8. Length frequency of Largescale Sucker sampled during lowland lake surveys at 

Arrowrock Reservoir during 2020.  
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Figure 9. Length frequency of Largescale Sucker sampled during lowland lake surveys at 
Lucky Peak Reservoir during 2020.
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DEADWOOD RESERVOIR 

ABSTRACT 

Kokanee (landlocked Sockeye Salmon; Oncorhynchus nerka) provide recreational 
fisheries and a prey base for piscivores in many waters of the western United States. The fishery 
at Deadwood Reservoir is supported primarily by kokanee and other salmonids that may prey on 
kokanee to reach large sizes. Additionally, this kokanee population has historically been Idahoôs 
primary egg source to produce hatchery kokanee of early-run strain. Kokanee escapement has 
been managed annually since 2010 to regulate fish densities (to meet target sizes), manage 
escapement, meet egg collection goals for hatchery stocking, and also provide desirable kokanee 
sizes for the sport fishery. Gill netting is important for setting escapement targets and monitoring 
the effectiveness of management strategies. In 2020, kokanee gill net CPUE was 46.8 fish/net-
night.  
 
 
Author: 
 
 
Timothy DôAmico 
Regional Fishery Biologist



21 

INTRODUCTION 

Deadwood Reservoirôs kokanee population and resulting spawning run into the Deadwood 
River serves as Idahoôs primary egg source for producing hatchery-reared early spawning 
kokanee. Historically, this population has provided up to 7 million eggs to Idaho Department of 
Fish & Game (IDFG) hatcheries. On years when egg collection goals have been met, resultant 
fry and fingerlings have been distributed to 15-20 waters statewide. However kokanee populations 
are well known for having highly fluctuating densities and as a result, their growth rates are highly 
density dependent. Density-dependent growth results in decreased mean length at maturity at 
increased densities and is common in kokanee populations (Rieman and Myers 1992; Rieman 
and Maiolie 1995). Length and fecundity are highly correlated in kokanee (McGurk 1999) and 
larger females typically had higher fecundities (Kaeriyama et al. 1995). Wide fluctuations in 
kokanee density have been especially evident at Deadwood Reservoir, resulting in fluctuating 
levels of angling effort as well as variable success in egg collection. The reservoir also supports 
low densities of piscivores that have historically had little impact on kokanee abundance.  
 

In addition to the Deadwood River upstream of the reservoir, kokanee have been known 
to utilize as many as five tributaries as spawning habitat. From 2006 to 2011, IDFG sought to 
reduce kokanee abundance and increase mean length by limiting escapement into a number of 
the Deadwood Reservoir tributaries (Kozfkay et al. 2010). High flow events that washed out the 
picket weirs and access restrictions due to forest fires contributed to the variable success of these 
efforts. However, efforts were considered successful in most years. Subsequent periodic 
monitoring of these tributaries has indicated little to no kokanee spawning. In addition, continued 
restricted escapement above the Deadwood River weir also helped limit production. However, 
these restrictions were too effective in limiting kokanee production as kokanee numbers 
decreased below a level satisfactory to meet statewide early-run egg needs from 2015 to 2017. 
Fortunately, numbers have begun to rebound and minimum egg needs were again met in 2018.  
 

Egg collection efforts at Deadwood Reservoir were discontinued in 2009 to evaluate a 
weir location on the South Fork Boise River. Due to limited success of the South Fork Boise River 
weir, egg collection and escapement management efforts resumed at Deadwood Reservoir in 
2010 and continued through 2016. However, a continued downward trend in the Deadwood 
Reservoir kokanee population led to collection efforts on the Deadwood River being discontinued 
again in 2017 as the North Fork Clearwater River was evaluated as a potential alternative early 
run kokanee egg source. Again, limited success resulted in egg take at Deadwood Reservoir 
resuming in 2018. 
 

Estimates of kokanee angling effort and corresponding potential harvest impacts have 
long been anecdotal at Deadwood. However, with recent declines in kokanee numbers and the 
corresponding increase in kokanee size, managers were concerned that the combination of large 
kokanee and liberal bag limits (25 fish per day) were resulting in a high level of overall angler 
harvest in the Deadwood fishery, further impacting subsequent egg take. A creel survey was 
conducted in 2018, and management recommendations resulted in reduced bag limits in 2019.  
 

During 2020, we sampled the kokanee population as a continuation of our annual effort to 
index this population using gill net catch data. Data are used to populate a predictive model to 
help inform spawning operations, escapement and egg take goals at Deadwood Reservoir, thus 
providing early-run kokanee for anglers across the state of Idaho.  
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STUDY AREA 

Deadwood Reservoir is a 1,260-ha impoundment located on the Deadwood River in Valley 
County, approximately 40 km southeast of Cascade, Idaho and 85 km northeast of Boise, Idaho. 
Deadwood reservoir offers a scenic setting at a relatively high elevation (1,615 m above sea 
level), and is a popular destination during summer. Deadwood Reservoir provides abundant sport 
fishing opportunities for kokanee, resident fall Chinook Salmon Oncorhynchus tshawytscha, 
Rainbow Trout O. mykiss, and Westslope Cutthroat Trout O. clarkii lewisi. Bull Trout Salvelinus 
confluentus are present, but at a very low abundance. 
 
 

METHODS 

The pelagic fish species composition in Deadwood Reservoir was assessed from June 22 
to 24, 2020 using six curtain gill nets set over two nights at three separate trend locations (six 
total net-nights; Figure 10). At each site, two nets were suspended at offsetting depths in the 
water column with focus on the ñkokanee layerò; one net from 3-6 m and one from 6-9 m. Nets 
were 55 m wide x 3 m deep and made up of 18 separate, 3-m wide panels comprised of 13-, 19-
, 25-, 38-, 51-, 64-, 76-, 89-, and 102-mm stretch mesh. The nine various sized panels were each 
repeated twice, randomly, throughout the length of the net.  

 
Captured fish were identified to species and measured for total length (± 1 mm). Kokanee 

greater than 150 mm were necropsied to determine sex, maturity, fecundity, and to assess mean 
length of females during the spawning run. Catch data were summarized as the number of fish 
caught per unit of effort (CPUE; fish/net-night). All kokanee otoliths were removed for determining 
age using sectioned whole otoliths. Otoliths were aged by two agers and discrepancies between 
agers were settled via discussion and image review among agers and the aid of fish length. We 
also evaluated otoliths from kokanee sampled in gill nets during the June survey as well as a 
subsample (n = 50) of spawning-age kokanee who returned to the weir in early September 2020. 
All kokanee otoliths were also evaluated for thermal marks to determine natural or hatchery origin.  

 
Based on results from the early summer gill net surveys, IDFG has developed a model to 

predict relationships in gill net survey data and subsequent annual weir returns. Model inputs 
include CPUE of adults and associated size of mature females. Model outputs include estimated 
growth and ultimately fecundity of females, as well as the predicted annual weir returns. IDFG 
uses this model to monitor egg take goals, and estimate escapement needs to the Deadwood 
River to supplement naturally-reproducing kokanee populations.  

 
 

RESULTS 

A total of 334 fish were captured in gill nets during the pelagic survey (Table 6). 
Approximately 84% of the catch was kokanee (n = 281, CPUE = 46.8 fish/net-night), followed by 
Mountain Whitefish Prosopium williamsoni (13%, n = 42, CPUE = 7.0 fish/net-night). Rainbow 
Trout (3%, n = 9, CPUE = 1.5 fish/net-night) and Bull Trout (>1%, n = 1, CPUE = 0.2 fish/net-
night) were also captured, but in very low numbers. Age-specific CPUE of kokanee in 2020 was 
17.0 fish/net-night for age-1, 23.7 fish/net-night for age-2, and 6.2 fish/net-night for age-3. CPUE 
of spawning-age adult fish (age-2 and age-3) was 29.8 fish/net-night. 

 
Total length of kokanee captured in the gill nets ranged from 88 to 410 mm (mean = 190.5 

mm, SD = 62.7). Total length of Mountain Whitefish ranged from 270 to 409 mm (mean = 348.0 
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mm, SD = 32.3). Total length of Rainbow Trout ranged from 325 to 457 mm (mean = 383.8 mm, 
SD = 40.8;  

 
Figure 11,  
Figure 12, and  
Figure 13). 
 
We took otoliths from 152 of the 281 kokanee captured in June 2020 to estimate mean 

age composition and mean length-at-age. Kokanee captured in gill nets were ages 1-3, with one 
age-7 fish observed ( 

Figure 14). No age-0 fish were captured in the gill net survey. Age-1 kokanee ranged from 
88 to 152 mm, age-2 kokanee ranged from 175 to 283 mm and age-3 kokanee ranged from 269 
to 308 mm. One fish (410 mm TL) was captured and estimated to be age-7. At the time of the gill 
net survey, it was difficult to determine mature males, and thus will not be included in this analysis. 
Mean TL of mature female kokanee was 257 mm.  

 
Otoliths were also examined for thermal marks. Of the 152 kokanee otoliths taken in June 

2020, 133 were successfully processed, of which 14 had thermal marks (age 1-3). Of the 50 
otoliths we collected from spawning-age kokanee (September 2020), 47 were successfully 
processed, with 9 observed thermal marks (age-2 and 3).  

 
Results from the modeling exercise predicted the adult kokanee return to the Deadwood 

weir based on gill net catch to be approximately 44,000 kokanee ( 
Figure 15).  
 
 

DISCUSSION 

Based on recent gill net surveys, the kokanee population in Deadwood Reservoir appears 
to be rebounding following the low numbers observed in 2017. Kokanee CPUE was 46.8 fish/net-
night in 2020, which was almost double the 2019 CPUE, and one of the highest in recent years. 
We currently have six years (2013, 2015, 2016, 2018, 2019 and 2020; 2014 catch was under-
representative due to alternative net locations and 2017 there was no weir) of catch and 
subsequent weir return data. The model predicts weir returns based on age-2 and 3 gill net catch. 
Each additional year of netting data helps inform the model and increases the accuracy of the 
model predictions. The model over predicted the 2020 weir returns (predicted return = 43,740, 
actual return = 21,017) yet did not change the model prediction strength (r2 = 0.88). Based on the 
previous model inputs, our model has over predicted kokanee returns four of the past six years, 
typically during years where predicted returns have been under 50,000 fish. The 2020 egg take 
operation resulted in an estimated 1.3 million eggs taken from Deadwood, which did not meet 
total requests (2.06 million). We hypothesize this may be due to timing and water management 
of the reservoir. Anecdotal reports observed kokanee approximately 15 rkm above the weir prior 
to the weir installation in mid-August, suggesting a significant portion of the Deadwood River 
returning kokanee had escaped above the weir prior to its installation.  
 

Thermally-marked otoliths provide managers the ability to not only have known-age fish, 
but also to determine proportional composition of spawning runs from both hatchery and wild fish. 
We assume otoliths that were successfully processed but did not observe thermal marks came 
from wild fish. Thermal marks from June 2020 suggested approximately 10% of kokanee were of 
hatchery origin, while the September 2020 subsample indicated approximately 19% were of 
hatchery origin. We captured three distinct age categories (age-1, age-2 and age-3) based on 
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thermally-marked kokanee in the June 2020 gill net efforts, and two distinct age categories (age-
2 and age-3) from the September 2020 sample.  
 

As with the 2019 survey, the 2020 survey showed a large cohort of age-2 kokanee, which 
should bode well for the 2021 kokanee spawn year. Additionally, the reservoir has been stocked 
with hatchery fingerling kokanee since 2018 to help the population recover more quickly. 
Continuing early summer netting will provide insight into spawning kokanee abundance and aid 
in planning annual egg take and adult escapement strategies. We anticipate altering the timing 
and duration of the weir to better capture kokanee as they make their spawning migration. By 
installing the weir earlier and for a longer duration, we hope to capture more of the annual 
spawning run. However, earlier weir installation comes with its own suite of limitations, including 
deeper water, more tributaries to weir off, and potential for increased debris flows.  
 

Managing the Deadwood Reservoir kokanee populations remains difficult given the 
numerous goals associated with the population. The current Fisheries Management Plan calls for 
a 12-inch (305 mm) kokanee yield fishery. Kokanee are notoriously density dependent; as 
population size grows, fish size decreases. Given our current knowledge of the density dependent 
growth relationship at Deadwood, a target female length of about 305 mm is likely ideal in 
achieving our management goals. With the 2019 length-at-age data, we were able to fit a Von 
Bertalanffy Growth Function (VBGF) to estimate hypothetical maximum age and hypothetical 
maximum length of Deadwood Reservoir kokanee. Based on the VBGF, the maximum modeled 
length for Deadwood Reservoir kokanee was approximately 372 mm and the modeled maximum 
age is age-5. During the 2020 survey, we captured a kokanee that exceeded both hypothetical 
maximum length and hypothetical maximum age; the fish was 410 mm and estimated at age-7. 
While this was a single observation, it was a curious finding. We will continue to monitor kokanee 
total lengths and ages to achieve management goals.  
 

Deadwood Reservoir is the primary egg source for hatchery-reared early-run kokanee, 
which support highly popular kokanee fisheries across Idaho. As such, the ability to predict 
spawning returns in Deadwood Reservoir is paramount not only for Deadwood Reservoir, but all 
early-run kokanee fisheries in Idaho. However, managing kokanee abundance in a highly 
productive system with multiple spawning tributaries, such as Deadwood, remains difficult and we 
recognize the population will continue to fluctuate around specific goals. We will continue to 
monitor the kokanee population in Deadwood Reservoir and adjust management practices as 
necessary to achieve both hatchery production and sport fishing goals.  
 
 

RECOMMENDATIONS 

1. Continue gill net monitoring of the pre-spawning kokanee population in Deadwood 
Reservoir to generate age-specific CPUE and length-at-age to estimate potential 
spawners in 2021 

 
2. Stock hatchery fingerling kokanee in Deadwood Reservoir in June 2021 

 
3. Assist in weir operations on the Deadwood River to manage escapement and collect 

broodstock for egg collection 
 

4. Monitor escapement in other Deadwood Reservoir tributaries (besides Deadwood River) 
by walking tributaries during the kokanee spawn 
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Table 6. Species, number collected and catch per unit effort (CPUE; fish/net-night) during 
gill net surveys in Deadwood Reservoir, Idaho during June 2020.  

 

Species n CPUE 

Kokanee 281 46.8 

Mountain Whitefish 42 7.0 

Rainbow Trout 9 1.5 

Bull Trout 1 0.2 
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Figure 10. Gill net locations during surveys in Deadwood Reservoir, Idaho during June 2020. 
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Figure 11. Length-frequency histogram of kokanee captured during gill net surveys in 

Deadwood Reservoir, Idaho during June 2020.  
 
 
 
 
 

 
 
Figure 12. Length-frequency histogram of Mountain Whitefish captured during gill net surveys 

in Deadwood Reservoir, Idaho during June 2020.  
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Figure 13. Length-frequency histogram of Rainbow Trout captured during gill net surveys in 

Deadwood Reservoir, Idaho during June 2020.  
 
 
 
 
 

 
 
Figure 14. Length-at-age of kokanee captured during gill net surveys in Deadwood Reservoir, 

Idaho during June 2020.  
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Figure 15. Weir returns as a function of gill net CPUE of kokanee captured during gill net 

surveys in Deadwood Reservoir, Idaho during June 2020.  
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ASSESSMENT OF PANFISH POPULATION DYNAMICS IN C.J. STRIKE RESERVOIR 

ABSTRACT 

Panfish species found in C.J. Strike Reservoir provide a popular recreational angling 
opportunity in Southwest Idaho. In 2016, regional staff began a multiyear investigation to better 
understand the population dynamics of crappie (Black Crappie Pomoxis nigromaculatus, White 
Crappie Pomoxis annularis, and their hybrids) and Yellow Perch Perca flavescens. We also 
endeavored to learn how anglers utilize these species in the fishery. In the spring and fall of 2020, 
staff completed surveys using standardized lowland lake sampling gears and index creel surveys 
to assess relative abundance of panfish species and angler use. Continued monitoring of larval 
fish production was completed to identify peak larval mean densities for crappie and Yellow Perch. 
Otter trawl gear was used in the fall of 2020 to determine relative abundance of panfish species 
prior to the onset of winter. The spring creel survey was not completed due to the COVID-19 
pandemic. In the fall creel survey, 129 anglers were interviewed. Mean larval crappie density 
peaked at 57.2 fish/100 m3 which occurred on June 3, 2020. In the spring index survey, crappie 
catch per unit effort was 93.7 fish/unit effort for all standardized gears, this value decreased to 
12.9 fish/effort in the fall. Otter trawl survey catch was comprised of 51.1% crappie, 21.8% Yellow 
Perch and 25.6% Bluegill. Age and growth data were similar to data observed during the previous 
years of the assessment. Continued use of existing gear types and systematic sampling to 
develop indices of relative abundance should provide us with increased understanding of these 
sport fish populations.  
 
 
Author: 
 
 
Cynthia I. Nau  
Regional Fisheries Biologist  
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INTRODUCTION  

Panfish (e.g. crappies Pomoxis spp., Yellow Perch Perca flavescens and Bluegill Lepomis 
macrochirus) commonly provide angling opportunity in many Idaho waters. One of the most 
popular and robust fisheries for panfish in southwestern Idaho is at C.J. Strike Reservoir. 
According to creel data collected by Idaho Power Company from 1994 to 2009, anglers expended 
an average of 260,000 hours annually at this fishery, and most of that time was directed at panfish 
species (Brown et al. 2010).  
 

Crappie populations are often cyclical, exhibiting wide fluctuations in both larval production 
and adult abundance (Langlois 1937; Miranda and Allen 2000). This pattern is evident in C.J. 
Strike Reservoir where these same two demographics can fluctuate dramatically from one year 
to the next. In years when crappie are abundant, the proportion of anglers targeting this species 
may more than double (Brown et al. 2010). A large year-class of crappie was produced in 2006, 
documented by the high larval densities observed in the Bruneau River arm of the reservoir. 
These larval crappies survived at a high rate but were not sampled again in a meaningful way 
until 2009 when they were large enough to be susceptible to sampling gear targeting adults. 
Electrofishing catch per unit effort (CPUE) for Black Crappie Pomoxis nigramaculatus during the 
2009 lowland lake survey was 23 times higher than the highest observed CPUE from the five year 
previous surveys (1995-2000; Butts et al. 2013). This year-class provided substantial fisheries in 
2008, 2009 and later, although creel data was not collected after 2009 (Brown et al. 2010). This 
2006 year-class declined in abundance after 2010 and no major year classes contributed to the 
fishery again until 2017, despite occasionally high larval production.  
 

Yellow Perch populations seem to follow similar cyclic patters as crappie (Dembkowski et 
al. 2016). Past creel survey data at C.J. Strike indicated that the contribution of Yellow Perch to 
overall harvest ranges from a high of 40% to a low of 3% (Flatter et al. 2006). Similar fluctuations 
have been observed in electrofishing CPUE conducted by Idaho Department of Fish and Game 
(IDFG) which ranged from 1-159 fish/hour (Butts et al. 2013b). Angler preference for Yellow Perch 
appears to vary across years as well; in the 1992 creel survey, anglers indicated that they targeted 
Yellow Perch roughly 10% of the time. Conversely, in a survey conducted by Idaho Power 
Company from 2007 to 2009, anglers targeted Yellow Perch 6-23% of the time. Currently, 
population dynamic information for Yellow Perch in C.J. Strike Reservoir is incomplete and no 
Yellow Perch focused studies have been completed.  
 

Year-class strength for crappie and Yellow Perch may be determined at early life stages; 
whether this occurs before or after the first winter is currently unknown. A Neuston net has been 
towed at ten location on C.J. Strike from 2005 to 2020. This tool is more effective at sampling 
larval crappies rather than Yellow Perch and provides and index of relative abundance. Peak 
larval densities from 2005 to 2016 averaged 17 fish/100 m3 (10 year average; Butts et al. 2017). 
However, in 2006, densities averaged 58 fish/100 m3 and produced a strong year class of crappie 
in the fishery 2-4 years later. A statewide research project initiated in 2005 hypothesized that peak 
larval density would be a useful index for predicting year-class strength of crappie unless 
substantial over-winter mortality occurred. A previous project found no consistent relationship 
between the peak larval densities and year-class strength (Lamansky Jr. 2011), suggesting that 
other factors limiting early survival could be driving recruitment. Further investigation of larval 
production and subsequent survival is needed to determine the factors driving crappie 
recruitment.  
 

Data for age-1 and older crappie and Yellow Perch have been collected for the C.J. Strike 
Reservoir in the past, however life-stage specific mortality rates are lacking. Several lowland lake 
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surveys conducted on C.J. Strike provided CPUE and length frequency data for these species 
(Butts et al. 2013b). However, life-stage mortality for crappie or Yellow Perch were not 
investigated. The Idaho Department of Fish and Game (IDFG), used non-reward T-bar anchor 
tag return rates to generate annual mortality rates for crappie, which ranged from 50-86% for the 
entire population not specific to year-class (Meyer and Schill 2014). Age and growth data for 
crappie populations was also investigated throughout the state, including C.J. Strike Reservoir. 
Crappie sampled in C.J. Strike had relatively fast growth and very few crappie older than age-3 
were observed (Lamansky Jr. 2011). This suggests that the crappie population exhibits high 
annual mortality, which was also observed in adjacent studies (Meyer and Schill 2014). Age data 
for crappie collected in other Southwest Region waters suggest that crappie can survive to age 
six or older (Butts et al. 2017). Describing life-stage specific mortality rates may help identify 
population bottlenecks, which, if manageable, may increase recruitment of crappie or Yellow 
Perch for future fisheries. 
  

Multiple factors, both biotic and abiotic, likely increase the complexity of understanding 
crappie recruitment (Siepker and Michaletz 2013). Extensive research completed throughout the 
range of crappie have identified biotic factors such as size of spawning adults (Bunnell et al. 2006; 
Fayram et al. 2015), intraspecific and interspecific competition, as well as predation (Pope and 
Willis 1998; McKeown and Mooradian 2002; Parsons et al. 2004) as factors that affect 
recruitment. Abiotic factors such as water level (Sammons et al. 2002; Maceina 2003; Fayram et 
al. 2015), water temperature (Pine and Allen 2001; McCollum et al. 2003) and the physical and 
chemical characteristics of the waterbody (Bunnell et al. 2006) likely influence recruitment as well. 
Wisconsinôs Department of Natural Resources recently released two relevant literature reviews 
that address management approaches for crappie and Yellow Perch based on biotic and abiotic 
factors (Fayram et al. 2015; Niebur et al. 2015) and implemented a 10-year strategic plan for 
managing panfish within the state (Hansen and Wolter 2017).  
 

Currently, no bag or length limits have been placed on panfishes in C.J. Strike Reservoir, 
and these populations are managed for maximizing harvest opportunity. However, the Southwest 
Region repeatedly received requests from anglers to implement restrictive regulations on crappie 
(most often a bag limit) with the hope of providing stable fishing opportunities on these cyclic 
fisheries. In other systems and states, biologists have studied the effects of restrictive regulations 
such as bag limits (Allen and Miranda 1995; Mosel et al. 2015) and minimum length limits 
(Isermann et al. 2002; Mosel et al. 2015) and suggested that natural mortality, angling mortality, 
and growth rates of a population need to be fully understood prior to deciding whether regulation 
changes are warranted. Minimum length limits have been shown to increase both abundance and 
size structure in crappie and Yellow Perch populations (Allen and Miranda 1995; Isermann et al. 
2002; Mosel et al. 2015). However, the benefits associated with bag limits of minimum length 
limits could be negated if the population exhibits slow growth and high natural mortality rates 
(Mosel et al. 2015, Isermann et al. 2002).Currently, a lack of available growth and mortality data 
prevents informed decisions regarding restrictive fishing rules. Prior to addressing the need for 
regulation changes (e.g. bag limit or minimum length requirement), data specific to C.J. Strike 
crappie and Yellow Perch need to be evaluated to predict whether these management tools can 
benefit sport fishing within the reservoir.  
 

Lake and reservoir-specific studies are needed to better understand population fluctuation 
and the factors that affect panfish recruitment before appropriate management strategies can be 
applied (Lamansky Jr. 2011; Fayram et al. 2015). To advance management and determine 
whether regulations should be altered to maintain or improve crappie or Yellow Perch fisheries, 
an in-depth sampling of C.J. Strike Reservoir was implemented in 2016 to generate population-
specific data, especially relating to abundance fluctuations. While the primary focus of this 



34 

assessment is on crappie and Yellow Perch populations; when possible, data will also be 
collected for Smallmouth Bass Micropterus dolomieu and Bluegill to increase our understanding 
of these populations. The assessment includes an index creel survey in both spring and fall to 
learn how anglers utilize panfish species within the reservoir. The use of otter trawl gear was 
investigated to develop an index of relative abundance and monitor survival of larval production 
to the onset of winter. In 2017, spring and fall population indexing were initiated utilizing lowland 
lake survey gears (e.g. electrofishing, trap nets, and gill nets). Data generated from the spring 
relative abundance index will be used to assess whether overwinter mortality is a limiting factor 
that affects recruitment of young-of-year (YOY) crappie and Yellow Perch to future age classes. 
In addition, the data generated from the fall relative abundance index will allow us to identify 
whether larval fish survive to enter their first winter or if a survival bottleneck exists prior to fall. 
The spring and fall surveys also allow for the monitoring of older age classes of crappie and 
Yellow Perch at multiple life stages. Finally, zooplankton quality index (ZQI) sampling was 
established to determine whether zooplankton production affects panfish growth.  
 
 

MANAGEMENT GOAL 

Maintain or improve sport fishing opportunities for panfish species, specifically crappie 
species and Yellow Perch in C.J. Strike Reservoir, Idaho, through increased understanding of 
population dynamics and angler utilization.  
 
 

OBJECTIVES 

1. Identify optimal techniques (e.g. larval trawling, otter trawling, trap netting, gill netting, 
electrofishing) for monitoring primary panfish populations in C.J. Strike Reservoir at 
several life stages 
 

2. Develop and implement annual, consistent monitoring efforts 
 

3. Estimate key parameters that describe population dynamics of crappie and Yellow Perch, 
specifically, index of stock, length frequency, age frequency, age and growth, total 
mortality, fishing mortality, age and length at sexual maturity 
 

4. Estimate key parameters that describe angler harvest of crappie and Yellow Perch 
 
 

STUDY AREA 

C.J. Strike Reservoirôs primary purpose is hydroelectric power production with minimal 
water fluctuation throughout the year. Elevation of the reservoir is approximately 750 msl. The 
reservoir is geologically characterized as the Snake River plain, which consists of sedimentary 
and volcanic deposits. C.J. Strike Reservoir is listed as an impaired waterbody by the Idaho 
Department of Environmental Quality due to nutrient and pesticide inputs (Idaho Department of 
Environmental Quality 2006). The reservoir is 3,035 ha and provides habitat for a wide variety of 
fish species ranging from cold-water species (e.g. White Sturgeon Acipenser transmontanus and 
Rainbow Trout Oncorhynchus mykiss) to warm-water species like crappie and Largemouth Bass 
Micropterus salmoides. C.J. Strike is influenced by two major water sources, the Snake and 
Bruneau Rivers, and can be divided into three distinctive segments: the Bruneau Arm (1,123 ha), 
the Snake Arm (759 ha) and the Main Pool (1,153 ha). The Bruneau Arm is relatively shallow, 
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warm, turbid, and typically has a low turnover rate from the much lower discharge contributed by 
the Bruneau River. The Snake Arm is deeper, clearer and has a high turnover rate.  
 
 

METHODS  

Site Selection 

A randomized sampling protocol was implemented to collect representative samples of 
the fish population throughout each section of the reservoir. Within each section, Google Earth 
Pro (version 7.1.7.2606) was used to estimate the length of the shoreline. This total shoreline 
distance was divided into 500-m sections and designated unique values. Sites were selected 
randomly and assigned a gear type using a random number generator applied to the unique 
values. These same sites have been sampled 2016-2020 and will continue to be sampled in 
successive years.  
 

Angler Catch Rates 

Six fixed dates were randomly selected, three weekdays and three weekend days, for 
spring and fall index creel surveys. Fixed dates are defined as the same day of each year (e.g. 
the first Tuesday of May). The spring creel survey was not completed due to the COVID-19 
pandemic. The fall survey occurred between September 5 and October 13, 2020. Selected dates 
were subdivided into two five-hour time slots, 0900-1400 hours and 1500-2000 hours. One of 
these time slots was randomly selected for each date as the time of the creel survey. The two 
most popular boat ramps located at C.J. Strike Reservoir are Air Force and Cottonwood boat 
ramps and these were selected as suitable locations to collect creel data.  

 
The survey design was based on a portion of access-access survey described by Pollock 

et al. (1994). Two signs are used to inform anglers leaving the boat ramp area of the check station 
location and several orange cones are used to direct anglers to a pullout area where our crew is 
stationed. Only completed fishing trip information was used for catch rate estimation to avoid bias 
associated with incomplete trips (MacKenzie 1991; Hoenig et al. 1997). Ordinarily, anglers are 
asked to present their catch and fish are measured and weighed. In 2020, a socially distanced 
format was adopted and fish were not presented or processed. Individual interview queries 
included party size, primary target species, how long they fished, harvest by species, release by 
species, angler residency and whether anglers were fishing from a boat or the bank. Interview 
data was summarized as the ratio of means by calculating the catch per unit effort (CPUE) for 
each angler and then averaging those values based on targeted species categories. Catch rates, 
variance and confidence intervals were derived using the multiday estimator found in McCormick 
and Meyer (2017).  
 

Spring Relative Abundance 

Fish populations in C.J. Strike Reservoir were sampled with standard IDFG lowland lake 
sampling gear (Butts et al. 2013b) from May 20-21 and May 27-29 and June 2-3, 2020. Gear 
included paired sinking/floating gill nets, trap nets and night boat electrofishing. Paired gill net 
sets consisted of one floating and one sinking monofilament nets (46 m x 2 m with six panels 
composed of 19-, 25-, 32-, 38-, 51- and 64-mm bar mesh sizes), nets were set approximately 100 
m apart. Paired nets were fished for one night, equaling one unit of gill net effort. Trap nets were 
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comprised of 19-mm bar mesh treated with black tar, 15-m leads with 1 m x 2 m frames and 
crowfoot throats on the first and third of five loops. One trap net fished for one night equaled one 
unit of trap net effort. Boat electrofishing utilized a Midwest Lake Electrofishing System (MLES) 
Infinity set-up set at 20% duty cycle and approximately 2,200-2,800 W of pulsed DC power 
generated by a 6,500 W Honda generator. One hour of active (on-time) electrofishing equaled 
one unit of effort. One hour of electrofishing, divided into six, ten-minute runs; seven trap nets and 
four paired gill net sets were deployed in each of the three section of C.J. Strike Reservoir, 
providing 12 units of effort in each section (Figure 16). Catch data were summarized as the CPUE 
for each gear type. Indices were calculated by standardizing the catch rate of each gear type to 
one unit of effort and then summing across the three gear types. 

 
To estimate angler harvest and total catch for crappie and Yellow Perch, individuals 

captured in trap nets were tagged using 70 mm (51 mm tubing) fluorescent orange Floy FD-68BC 
T-bar anchor tags. Fish Ó 200 mm had tags inserted just beneath the dorsal fin. Tag reporting 
data was collected using the IDFG Tag! Youôre It! phone system and website. Angler harvest and 
total catch rates of crappie and Yellow Perch were calculated from reported tags (Meyer et al. 
2012; Koenig et al. 2015). Tag reports were adjusted using a non-reward tag reporting rate of 
59.7% and 58.5% and a 1-year tag loss rate of 2.8% and 1.2% for crappie and Yellow Perch, 
respectively (IDFG unpublished data). Tag reporting data was analyzed for a 365-day duration 
after release for fish tagged in 2019. 

  

Captured fish were identified to species, measured for total length (° 1 mm) and weighed 

(° 1 g) using a digital scale. If catch was too large to process fish quickly enough to ensure 
reasonable survival, fish were binned to 10-mm length intervals and released as quickly as 
possible. Relative weight (Wr) was calculated as an index of general fish body condition. A value 
of 100 was considered average condition, values greater than 100 were considered above 
average and values less than 100 were considered below average body condition. Proportional 
size distribution (PSD) was calculated for crappie and Yellow Perch to describe trends in length 
frequencies over time (Anderson and Neumann 1996). Stock size of 130 mm and quality size of 
200 mm were used for both crappie and Yellow Perch (Gabelhouse Jr. 1984).  

 

Larval Fish Production and Zooplankton 

Horizontal surface trawls were used to sample larval fish at 10 sites throughout C.J. Strike 
Reservoir using a 1 m high x 2 m wide x 4 m long Neuston net with 1.3 mm mesh (Figure 17). 
Sampling took place on June 3, 9, 18, and 25 and July 1, 2020; these dates overlapped with 
peaks of crappie production in past years. Trawling commenced at dusk with each trawl being 
five minutes in duration. A flow meter was fitted to the bridle of the net to estimate the volume of 
water sampled. Specimens were preserved and stored in 70% ethanol (Parsons et al. 2004) and 
processed in the laboratory following sampling. A dissecting microscope was used to aid in 
identification to species. If the total catch of a trawl exceeded 30 individuals, a subsample of 30 
was randomly selected to be identified and measured, these values were then used to extrapolate 
based on the remaining number of individuals in the sample. The week that had the highest 
crappie density averaged across all sample sites was assumed to be the peak of larval density 
for the year and reported as fish per 100 m3. Data were compared across years to categorize 
trends in crappie production.  

 
Zooplankton quality index (ZQI) was initiated in the spring of 2017 and continued in 2020 

following the protocol set forth in Teuscher (1999). ZQI was defined as the samples of the 500 
µm and 750 µm net samples added together for a total of usable zooplankton available. Sampling 
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was conducted at three sites within the reservoir once a month beginning in May and ending in 
October, which is assumed to be when age-0 panfish would be utilizing zooplankton the most. 
Samples were processed to determine the Zooplankton Ratio (ZPR) defined as the ratio of 
preferred zooplankton captured in the 750-µm net to the usable zooplankton captured in the 500-
µm net.  

 

Fall Relative Abundance  

Crappie and Yellow Perch populations in C.J. Strike Reservoir were sampled again in the 
fall with standard IDFG lowland lake sampling gears from October 13-17, 2020. Sampling gears 
included those referenced in the spring survey above and consisted of the same units of effort 
(e.g. one floating and one sinking gill net, fished for one night, equaled one unit of effort). Similar 
to the spring survey, we used equal amounts of effort in each of the sections but effort was halved 
from the spring sampling event with 0.5 hours of night boat electrofishing, divided into three, ten 
minute runs, four trap nets and two paired gill net sets were deployed in each of the reservoir 
sections for 6.5 units of effort (Figure 18). Sample location selection and fish/data processing 
methods were similar to the spring relative abundance survey described above. The same criteria 
was used to deploy tags in crappie and Yellow Perch captured in trap nets during the fall survey 
to estimate harvest and total catch.  

 

Otter Trawl Relative Abundance  

An otter trawl was used to develop an index of relative abundance for panfish species and 
to monitor survival from spring larval production to the onset of winter. In 2017, 12 sites were 
selected (four in each reservoir section) within areas with relatively uniform bottom based on 
depth profiles (Figure 19). Sampling of these 12 sites took place on November 6 and 9, 2020. The 
otter trawl net dimensions were 2.2 m x 4.6 m and 9 m long, made of 39-mm stretch mesh in the 
body and 13 mm mesh in the cod end. The trawl was outfitted with weighted otter doors to ensure 
the net remained open while in tow (Hayes et al. 1996). The net had a 15-m bridle attached to a 
rope and towed at a speed of 4.0 km/h with a 6.4 m boat equipped with a 175-hp outboard motor. 
A flow meter was placed at the connection point with the bridle and tow rope to estimate the 
volume of water sampled. The trawl was towed for three minutes at 11 sites, one site was reduced 
to two minutes due to repeated snags on the substrate. 
 

Captured fish were identified to species, measured for total length (° 1 mm) and weighed 

(° 1 g) with a digital scale. Fish less than 100 mm were not weighed due to the inaccuracy of the 
scale at small values. In years of high abundance, like 2020, a subsample of fish was measured 
and weighed and the rest were identified to species and counted. Densities by species were 
calculated as the number of fish per 100 m3 for each trawl. Due to a malfunction of the flow meter 
in three of the tows, the volume of water sampled was assigned the mean value from the 
remaining 10 tows. The mean fish density across all sample locations was calculated to index 
relative abundance of species.  

 

Age and Growth  

Dorsal fin rays were collected from up to 10 fish per species per 10-mm length bin during 
spring and fall relative abundance index, spring and fall creel and otter trawl surveys. Structures 
were processed and digitized using methods described in Butts et al. (2017). Two independent 
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readers estimated fish age, discrepancies were revisited and the agreed upon age was used in 
further analysis. Age-length keys were generated separately for fish sampled in spring and fall 
surveys and used to allocate CPUE from each survey to the proper age-class by species. This 
data was also used to develop mean length-at-age by season (spring and fall) for crappie and 
Yellow Perch.  

RESULTS 

Angler Catch Rates and Harvest 

The spring index creel survey could not be completed in 2020 due to COVID-19. The fall 
index creel survey was completed in a socially distanced format in 2020. We interviewed 129 
anglers from 57 parties were with a mean party size of 2.3 anglers. Most anglers (92.2%) were 
Idaho residents. Targeted species included any (43.9%), crappie (17.5%), and bass species 
(12.3%; Table 7). Interviewed anglers fished a total of 285.3 hours with a mean of 5.0 hours per 
angler. Total catch was 1,308 fish of which 623 (47.6%) were harvested. The most harvested 
species was crappie at 60.2% of the total harvest, followed by Yellow Perch (28.6%) and Rainbow 
Trout (6.7%). Of the 433 Smallmouth Bass caught (33.1% of the total fall catch), only 2.3% were 
harvested (Table 8). Other species that made up minor proportions of the total catch included 
Bluegill, Largemouth Bass, Common Carp Cyprinus carpio, Northern Pikeminnow Ptychocheilus 
oregonensis and White Sturgeon. 
 

The crappie average catch rate for anglers targeting crappie in the fall was 1.5 fish/h ( 
Figure 20). Anglers targeting Yellow Perch experienced an average catch rate of 2.2 fish/h 

for that species. Smallmouth Bass average catch rate for anglers targeting bass was 2.3 fish/h. 
The majority of anglers harvested 0-5 crappie (75.5%), while only 12.5% of interviewed groups 
had harvested over 15 crappie. More angler groups harvested 0-5 Yellow Perch making up 86.1% 
of angler groups. Anglers who harvested more than 15 Yellow Perch were only 5.4% of all angler 
groups interviewed (Table 9).  

 
Tag report data for 2019 was retrieved from the Tag! Youôre it! database which allowed 

for tags to be in the environment and available to anglers for one year. A total of 137 T-bar anchor 
tags were deployed in Yellow Perch while 431 were placed in crappie (Table 10). The majority of 
fish were tagged in the spring index survey where 344 tags were deployed in crappie and 73 were 
deployed in Yellow Perch. However, no tags were returned from these tagging groups. Total use 
estimates for crappie in the two fall tagging events ranged from 17.6% ± 14.6% in November to 
18.2% ± 19.3% in the October tagging event. For the Yellow Perch fall tagging events, total use 
was 0 in the October tagging event and 12.7% ± 16.9% in the November tagging event. All use 
estimates were less than 20%, indicating that while catch rates observed in the creel surveys may 
be high, use and exploitation remain relatively low. However, the very low number of tags returned 
did not allow for very precise estimates of use and exploitation, which is reflected in the large 
confidence intervals.  

 

Spring Relative Abundance Index 

Effort was reduced in the 2020 spring survey due to high catch rates and inclement 
weather. Trap net effort was completed in all three reservoir sections. Gill nets were reduced to 
half their usual effort with two paired sets per reservoir section. All electrofishing was completed 
in the Bruneau section but was reduced to one third the usual effort in the Main Pool and Snake 
sections. This resulted in 10 units of effort deployed in the Bruneau arm and 9.3 units of effort 
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deployed in the Main Pool and Snake sections, as opposed to the usual 12 units of effort in each 
section.  
 

Crappie were captured using all three gear types during the spring abundance survey and 
contributed 2,686 individuals to the total catch. Total CPUE, for crappie using all gear types was 
93.7 fish per effort (f/e). CPUE was highest for crappie using electrofishing at 215.0 f/e, followed 
by trap nets at 102.3 f/e and gill nets at 29.7 f/e. Catch was highest for crappie in the Bruneau 
Arm where CPUE was 219.2 f/e, followed by the Main Pool at 46.1 f/e and the Snake Arm at 6.9 
f/e. Mean total length of spring sampled crappie was 233.0 mm. Mean Wr was 97.7 for spring-
captured crappie and ranged from 27.7-151.0. This indicated that most fish were in good body 
condition coming out of the winter months. PSD for spring-captured crappie was 92, indicating a 
skewed size structure dominated by large adults ( 

Figure 20). Length frequency for crappie was slightly right skewed in the spring survey 
with the most frequently captured length bin at 230-239 mm ( 

Figure 21).  
 

Yellow Perch were captured using all three gear types and contributed 211 individuals to 
the total catch during the spring abundance survey. Total CPUE, using three gear types was 7.4 
f/e. Yellow Perch per effort was highest for gill nets at 27.0 f/e, followed by trap nets at 2.3 f/e and 
electrofishing at 0 f/e. CPUE for Yellow Perch was highest in the Main Pool at 12.6 f/e, followed 
by the Snake Arm at 5.1 f/e and Bruneau Arm at 4.5 f/e. Mean total length of spring sampled 
Yellow Perch was 234.6 mm. Mean relative weight (Wr) was 92.5 for spring-captured Yellow Perch 
greater than 100 mm and ranged from 68.3-193.3. This indicated that most fish were in moderate 
body condition coming out of the winter months. PSD for spring-captured Yellow Perch was 98 
indicating a heavily skewed size structure of mostly large individuals ( 

Figure 20). Length frequency for Yellow Perch was a bell curve across length bins with 
the most frequently captured bins at 230-239 and 240-249 mm ( 

Figure 22).  
 

Average total length of Yellow Perch has remained relatively constant since the start of 
the panfish assessment, while that of crappie is has increased steadily since the spring of 2018 
and is influenced by the recruitment of year classes (Figure 23). For example, the average length 
of crappie dropped dramatically in the fall of 2017 as the large year class recruited to our index 
survey gear types. This same correlation occurred in the fall of 2020 when average crappie total 
length decreased by 13 mm from the spring survey value, corresponding to an increase in catch 
of small juvenile crappie in the fall index survey.  

 

Larval Fish Production and Zooplankton 

Larval production on C.J. Strike was slightly above average based on 10 Neuston net tows 
completed in 2020. The average water volume sampled during larval fish tows in 2020 was 132.0 
m3/tow. Species composition for samples collected included crappies (84.9%) and Yellow Perch 
(4.4%). The peak in average density of larval crappie across all sampling sites was 57.0 fish/100 
m3, observed on the first sampling event on June 3, 2020 (Figure 24). Within C.J. Strike Reservoir, 
peak densities of larval crappie recorded since 2005 have averaged 30.1 fish/100 m3. When 
averaged across all sampling sites and events, density of larval crappie in 2020 was 23.0 fish/100 
m3. The highest larval densities were consistently found in the Bruneau Arm for all sampling 
events ( 

Figure 25).  
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The highest value of zooplankton quality index sampled on C.J. Strike Reservoir in 2020 
was collected in August at 25.7 g/tow (Figure 26). The Bruneau Arm consistently had the highest 
zooplankton values, followed by the Main Pool and Snake Arm.  

Fall Relative Abundance Index 

Effort was reduced in the 2020 fall survey due to time constraints and inclement weather. 
All usual effort was completed in the Bruneau Arm of the reservoir. All electrofishing was 
completed in all three sections. Trap net effort was reduced to half in the Main Pool and Snake 
Arm. Gill nets were reduced to half their usual effort with one paired set in the Main Pool and 
Snake Arm. This resulted in the usual 6.5 units of effort deployed in the Bruneau arm and 3.5 
units of effort deployed in the Main Pool and Snake sections.  

 
 A total of 174 crappie were sampled during fall relative index surveys on C. J. Strike 

Reservoir in 2020. Total crappie CPUE using three gear types was 12.9 f/e. Electrofishing resulted 
in the highest crappie CPUE at 39.3 f/e, followed by gill nets at 19.0 f/e and trap nets at 4.9 f/e. 
Crappie CPUE was slightly higher in the Snake River Arm (17.1 f/e) than the Bruneau Arm (16.8 
f/e) followed by the Main Pool (1.4 f/e). Relative weights (Wr) for crappie captured averaged 103.8 
and ranged from 59.5-293.6, indicating that most crappie had above average body condition prior 
to entering the winter. Mean total length of fall sampled crappie was 220.6 mm. PSD for fall-
captured crappie was 98, indicating a heavily skewed size structure with mostly large individuals 
( 

Figure 20). The length frequency histogram for fall crappie indicated a left skewed 
distribution with numerous juvenile-sized length bins represented. The most frequently captured 
length bin was 230-239 mm, similar to the spring survey ( 

Figure 21).  
 
A total of 388 Yellow Perch were sample during fall relative index surveys on C. J. Strike 

Reservoir in 2020. Total Yellow Perch CPUE using the three gear types was 28.7 f/e. Gill nets 
resulted in the highest Yellow Perch CPUE with 64.3 f/e, followed by electrofishing at 28.7 f/e and 
trap nets at 11.0 f/e. CPUE was highest for Yellow Perch in the Bruneau Arm at 43.4 f/e, followed 
by the Snake Arm at 15.7 f/e and Main Pool at 14.6 f/e. Relative weights for Yellow Perch 
averaged 95.5 and ranged from 49.7-171.8, indicating that most Yellow Perch had good body 
condition prior to entering the winter. Mean total length of Yellow Perch was 229.6 mm. Yellow 
Perch PSD value was 97, indicating a heavily skewed size structure with mostly large individuals 
( 

Figure 20). The length-frequency histogram for fall Yellow Perch shows mostly adults were 
captured but numerous juvenile-sized length bins were also represented. The most frequently 
captured length bin for Yellow Perch increased from the spring survey to 250-259 mm ( 

Figure 22).  
 

Otter Trawl Relative Abundance  

The average water volume sampled during 2020 otter trawl sampling was 1,941.0 m3 per 
tow. A total of 1,782 fish were captured across the 12 sites. Species composition consisted of 
crappie (51.1%), Bluegill (25.5%), and Yellow Perch (21.8%); Common Carp, Smallmouth Bass 
and Largemouth Bass all contributed less than 2% each. Bluegill and Yellow Perch were captured 
at more sites (n = 6) than any other species, followed by crappie and Common Carp (n = 5). Four 
sites had no catch in 2020: three sites in the Main Pool and one in the Snake Arm. Density of 
panfish species was highest in the Bruneau Arm (19.3 fish/100 m3) followed by the Snake Arm 
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(0.2 fish/100 m3) and the Main Pool (0.01 fish/100 m3). Crappie density averaged 3.3 fish/100 m3 
and ranged from 0-12.8 fish/100 m3. Yellow Perch density averaged 1.5 fish/100 m3 and ranged 
from 0-7.4 fish/100 m3. Bluegill density averaged 1.7 fish/100 m3 and ranged from 0-11.4 fish/100 
m3. Densities were more consistent within the Bruneau Arm with more site-specific capture in the 
Main Pool and Snake Arm ( 

Figure 27). Length frequencies for crappie and Yellow Perch captured by otter trawl in 
2020 depict two distinct cohorts of these species, suggesting that more larval fish had survived 
into the fall than in previous years ( 

Figure 21;  
Figure 22).  

Age and Growth 

Age and growth data in 2020 were similar to that observed in the previous four years of 
the panfish assessment. To develop length-at-age metrics, 225 crappie (spring n = 135, fall n = 
90) and 138 Yellow Perch (spring n = 53, fall n = 85) were aged using dorsal fin rays. Mean length-
at-age differed more dramatically between spring and fall surveys for Yellow Perch than for 
crappie ( 

Figure 28). This difference is most notable in the age-2 Yellow Perch. The most numerous 
age class sampled for crappie was age-3 for both seasons while the most numerous age class 
for Yellow Perch was age-3 for both seasons.  

 
 

DISCUSSION 

The panfish assessment began in 2016 in an attempt to better understand population 
dynamics of crappie and Yellow Perch in C.J. Strike Reservoir. Following a strong year class of 
crappie produced in 2017, this project has continued to track that cohort through time to identify 
possible survival bottlenecks and assess their impact on subsequent year classes. This 
assessment continued in 2020, collecting valuable information on crappie since little is known 
about this species in western reservoirs.  

 
In 2020, we continued the current systematic sampling design initiated in 2017 using 

multiple gear types in both the spring and fall to develop representative indices of crappie and 
Yellow Perch populations in C.J. Strike Reservoir (Cassinelli et al. 2018). These repeated surveys 
will allow for estimates of mortality and provide a better understanding of gear-specific biases. 
Monitoring age-specific relative abundances should also enable us to identify possible population 
bottlenecks such as overwinter mortality. In the spring and fall, electrofishing produced the highest 
CPUE for target species, aligning with previous studies where electrofishing produced the highest 
catch rates for crappie (Dillon 1989; Butts et al. 2013b). Based on previous literature (Dillon 1989), 
catch rates using the current gear types and methods should allow us to detect changes in the 
panfish populations through time. While the spring and fall index surveys target adult crappie and 
Yellow Perch, the primary objective of the otter trawl survey is to capture smaller and younger 
panfish than those caught by anglers or in the index survey gears.  

 
C.J. Strike Reservoir experienced an unusually high amount of fishing effort in 2020 due 

to outdoor recreation increases during the COVID-19 pandemic. However, the spring creel survey 
had to be canceled in 2020 (due to pandemic concerns) and this increased fishing effort was not 
documented for that season. The fall creel survey was completed in a socially distanced manner 
with no harvested fish length measurements taken. The data collected in 2020 indicated that 
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individual angler effort and demographics have remained similar since 2016. However, the 
number of fall anglers interviewed increased from 103 in 2019 to 129 in 2020, the highest number 
of fall anglers interviewed since of 2017. This increase in fall anglers was likely a result of the 
increased popularity and success of the crappie fishery. While the number of fall anglers 
increased 2020, the harvest of crappie in the fall creel as a percentage of total catch decreased 
from 92.6% in the fall of 2019 to 70.9% in the fall of 2020. Conversely, Yellow Perch harvest 
increased from 59.5% of total catch in the fall of 2019 to 88.1% in the fall of 2020. The decline in 
crappie harvest as a percentage of total catch is likely due to anglers becoming more selective in 
their harvest as the 2017 year class achieves more desirable sizes.  

 
While the majority of interviewed anglers since 2016 have consistently harvested less than 

5 crappie, the percentage of anglers harvesting over 15 crappie seems to have peaked in the fall 
of 2018 at 22%. It was assumed that the reporting of larger crappie harvest by anglers would 
become more prevalent as the 2017 year class grew and recruited to the fishery, but that increase 
has not been observed as only 12.5% of anglers harvested more than 15 crappie in the fall of 
2020. For comparison, the PSD value for crappie captured in our seasonal index surveys has 
been increasing since the spring of 2019, achieving a value of 98 in the fall of 2020. This indicates 
that nearly all captured crappie were at least of stock length, 130 mm (Gabelhouse Jr. 1984), but 
interviewed anglers were still not harvesting large numbers of crappie. However, missing the 2020 
spring creel caused a large data gap when catch rates and harvest were likely at their peak for 
the 2017 crappie year class. Regardless of this data gap, tag return data supports these creel 
survey findings with return rates for all tagging events in 2019 having values less than 20% use 
for both crappie and Yellow Perch. However, these estimates are not very precise with only 8 tags 
returned out of 431 deployed in crappie and only 2 returned out of 137 in Yellow Perch. It should 
also be noted that no tags were returned from the spring tagging event when the majority of tags 
were deployed. This could be a function of delayed mortality, tag loss, low reporting rates or a 
combination thereof. Future work will seek to evaluate natural mortality rates but they are almost 
certainly higher than that of angler use based on available tag return data.  

 
The majority of Smallmouth Bass anglers reported great success, but only a small 

proportion of this catch was harvested. This could be a function of anglers practicing catch-and-
release or possibly that the majority of Smallmouth Bass caught are less than the minimum legal 
harvest length of 12 inches. The Rainbow Trout fishery is also gaining popularity among anglers, 
comprising 6.7% of total catch in the fall of 2020. Trout anglers often expressed their excitement 
and satisfaction to our crew regarding the size of this species in C.J. Strike Reservoir.  
 

Spines were not collected from angler-harvested fish in 2020 due to the socially distanced 
protocols adopted for the fall creel survey. Thus, all spines were collected from the spring and fall 
index surveys. The majority of crappie aged were assigned age-3 for both seasons, 
corresponding to the 2017 year class. The majority of Yellow Perch were also aged at age-3. 
Length-at-age comparisons for crappie and Yellow Perch across survey years were relatively 
similar to one another but crappie did appear to have a slightly steeper growth curve. A more in-
depth analysis of growth by year-class will be completed with additional years of data. Both 
species continue to exhibit growth throughout the summer as mean length-at-age increased 
between the spring and fall surveys. Growth appears to vary slightly between survey years but 
separation (based on mean length-at-age) of year classes is still fairly well defined.  

 
Relative weights for both crappie and Yellow Perch increased from the spring to the fall 

survey in 2020, indicating that these species are growing and gaining weight through the 
productive summer to have good body condition prior to entering winter. The proportional size 
distribution values for these two species are approaching the maximum value of 100, indicating 
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that nearly all of the individuals captured by our gears in the spring and fall index surveys are all 
equal or greater to the stock lengths established in Gabelhouse Jr. (1984).  

 
Relative production of larval crappie in C.J. Strike Reservoir has been indexed by regional 

staff for the past 15 years. Spatial and temporal variation was again observed in the 2020 
assessment and suggests that sampling should continue across multiple weeks to identify peak 
larval production. The peak of observed larval density was recorded on the first week of larval 
sampling in 2020, which was earlier than recorded in recent years. This earlier peak may have 
been influenced by the hot weather during the spring survey when air temperatures were at or 
near 100° F for nearly a week. A corresponding increase in water temperatures may have 
influenced the timing of the crappie spawn and subsequent larval densities. Generally, more 
larvae are observed in the Bruneau Arm of the reservoir, likely a function of the warmer waters 
and greater availability of zooplankton relative to the other sections of the reservoir. These 
differences in each sectionôs environmental factors may influence primary productivity, fish 
reproductive success or recruitment (Butts et al. 2013b). The 2020 survey represented the fifth 
time larval Yellow Perch have been reported. Alterations in larval fish processing may have 
influenced the 2020 larval results in several ways. In 2020, samples were brought back to the 
laboratory to be processed as opposed to the previous method of picking samples on the boat. In 
the majority of samples, it is likely that this laboratory processing increased precision as the 
preserved fish were easier to discern from the zooplankton in the samples. However, in some 
large samples, larval fish had degraded due to a lack of ethanol and some of the smallest larval 
fish could no longer be identified.  

 
Distribution of juvenile panfish sampled in the otter trawl surveys has been sporadic since 

this sampling began in 2016. The sites with the most consistently high values of juvenile crappie 
density are those in the Bruneau Arm; however, several Snake Arm sites have also occasionally 
had high juvenile crappie densities. High densities of juvenile Yellow Perch have been observed 
in the Bruneau Arm and the Main Pool. In 2020, our juvenile density results suggest that more 
crappie had survived into the fall with the highest density estimates observed at the Bruneau Arm 
sites since 2017.  

 
The panfish assessment at C.J. Strike Reservoir was initiated to gain additional knowledge 

of population dynamics for crappie and Yellow Perch populations. Our crew intends to continue 
this standardized sampling regimen for at least another year, possibly two, to follow to 2017 
crappie year class through their entire life history. With this additional data, we intend to expand 
our analyses to include a more in-depth look at growth, mortality, and recruitment in the coming 
yearsô reports. A more detailed analysis will help aid managers in determining if harvest or length 
restrictions would benefit the fishery.  
 
 

RECOMMENDATIONS 

1. Continue the index creel survey in both the spring and fall to identify angler use patterns, 
specifically related to panfish populations found in C.J. Strike Reservoir 
 

2. Continue sampling larval production and assess relationships between larval and older 
age classes using otter trawl density estimates 
 

3. Continue the systematic sampling protocol for C.J. Strike Reservoir using gill nets, trap 
nets and electrofishing to develop a representative index of crappie and Yellow Perch 
populations 
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4. Continue collecting age structure data; using dorsal fin rays to develop length-age keys. 

Based on previous data, collect five fish per 10 mm length bin of both crappie and Yellow 
Perch 
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Table 7.  Species targeted by angler groups in the 2020 and fall index creel surveys at C.J. 
Strike Reservoir. 

 

Target species # fall angler groups 

Any 25 

Crappie 10 

Bass spp. 7 

Yellow Perch 6 

Rainbow Trout 4 

Channel Catfish 2 

Bluegill 2 

White Sturgeon 1 

Total 57 

 
 
 
 
 
 
 
 
 
 
 
Table 8.  Catch and catch per unit effort (CPUE; fish/h) estimates collected from anglers 

during the fall index creel survey at C.J. Strike Reservoir in 2019. CPUE values 
were calculated using only those anglers who were targeting those particular 
species. ** in the Bluegill column indicates that CPUE could not be calculated for 
this species as it was always bycatch, no anglers specified that they were primarily 
targeting Bluegill. 

 

 Crappie 
Yellow 
Perch 

Smallmouth 
Bass Bluegill 

Rainbow 
Trout 

Largemouth 
Bass 

# Harvested 375 178 10 17 42 0 

Harvested CPUE 1.1 4.2 0.0 ** 0.3 0.0 

# Released 154 24 423 14 64 1 

Released CPUE 0.3 0.1 2.3 ** 0.1 0.0 

Total catch 529 202 433 31 106 1 

Total catch CPUE 1.5 2.2 2.3 ** 0.4 0.0 
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Table 9. The number and (percentage) of angler groupsô crappie and Yellow Perch bags 

collected from angler interviews at C.J. Strike Reservoir during the 2020 fall creel 

survey. 

Group harvest Crappie Yellow Perch 

0 39 (68.4) 35 (61.4) 

1 1 (1.8) 5 (8.8) 

2 2 (3.5) 4 (7.0) 

3 1 (1.8) 3 (5.3) 

4 0 (0) 1 (1.8) 

5 0 (0) 1 (1.8) 

6 0 (0) 1 (1.8) 

7 0 (0) 1 (1.8) 

8 0 (0) 0 (0) 

9 1 (1.8) 1 (1.8) 

10 1 (1.8) 2 (3.5) 

11 1 (1.8) 0 (0) 

12 2 (3.5) 0 (0) 

13 0 (0) 0 (0) 

14 0 (0) 0 (0) 

15 2 (3.5) 0 (0) 

>15 7 (12.5) 3 (5.3) 

 
 
 
 
 
 
 
 
 
Table 10. T-Bar Anchor tag return rates for Yellow Perch and Crappie tagged in C.J. Strike 

Reservoir in 2019, as of January 19, 2020. 
 

Species Month Tags released Tags returned % Total Use 90% CI 

Yellow Perch May 73 0 0 0 

October 34 0 0 0 
November 30 2 12.7 

 
±16.9 

Crappie May 344 0 0 0 

October 32 3 18.2 ±19.3 

November 55 5 17.6 ±14.6 
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Figure 16. Location of 18 electrofishing (bolts), 21 trap net (squares), and 12 gill net 

(diamonds) sites used to index the relative abundance of crappies, Yellow Perch, 
and other game and non-game fish populations in C.J. Strike Reservoir in the 
spring index surveys 2017-2020.








































































































































































































